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Peeling Off the Proof: Using Peel-Away Polymer Technology in the Collection of
Ignitable Liquids During Arson Investigations
Cassidy Laney
Dr. Cynthia J. K. Tran, Department of Chemistry
Determining the presence of ignitable liquids at the scene of a fire is a key part of any
arson investigation. Residues of ignitable liquids are most often found in absorbent or
porous material as there is a chance that some liquid will remain in the pores of the
substrate after a fire. Unfortunately, the collection of ignitable liquids from porous
surfaces such as concrete is especially difficult given the fixed nature of the substrate.
Several on-site collection techniques have been developed to collect the ignitable liquid
from the concrete directly at the scene, however they each have their own drawbacks
which make them less suitable candidates for the task. This project explores the use of a
peel-off gelatin material in the collection of ignitable liquids from porous concrete. This
method offers a simple, mess-free, and inexpensive alternative to current methods in the
field. Out of all the polymer recipes and optimization methods tested in this research, a
simple gelatin and water mixture poured over sifted activated charcoal that had been
lightly sprayed with acetone proved to be the most successful. This technique is still in its
early stages of research and so there is plenty of room for future work with this project to
validate the results seen here and to determine other variables of the technique such as its
sensitivity and selectivity.
Keywords: Arson, Ignitable Liquids, Collection, Concrete, Porous Surfaces, Gelatin,
Polymer, Peel-Off
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Introduction
The Arson Investigation
Following a fire, forensic investigators consider several different pieces of evidence
left behind at the scene to determine the cause of the fire. Specifically, investigators are
seeking to establish if the fire was natural, accidental, or intentional. The act of
deliberately setting a fire for a criminal purpose is called arson1. Given the destructive
nature of the crime, arson investigations tend to be more complex than other types of
forensic investigations.
Determining the presence of such substances at the scene of a fire is a crucial factor in
establishing its cause. More specifically, their presence can assist an investigator in
establishing whether the fire was intentionally lit and can therefore be deemed arson. In
most cases, ignitable liquid presence suggests arson was committed1, however, there are
some instances in which ignitable liquid presence is not indicative of arson and the
accelerant source was incidentally near the start of a natural or accidental fire2. Ignitable
liquids are usually seen in one of two forms at a scene: in a neat, unburnt form, or as a
residue present on a burnt surface/object. Typically, investigators will focus on porous or
absorbent materials close to the origin of the fire in their search for ignitable liquid
residues. This is because the liquid can deeply soak into these porous substrates and so
there is a higher chance that, after a fire has occurred, some residues will remain in the
deepest parts of the pores2. Portions of these substrates will need to be recovered and
taken back to a laboratory to determine whether ignitable liquids are present.
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Ignitable Liquid Identification
When examining a potential arson scene, one of the key aspects of the investigation is
the search for ignitable liquids. Ignitable liquids (also referred to as ILs) are mixtures of
volatile compounds, mainly hydrocarbons, which can be used to fuel and accelerate fires.
These ignitable liquids include substances such as gasoline, diesel, and kerosene. They
can be grouped into six major classes based on the classes of compounds present in the
mixture. With the exception of gasoline, each class of ignitable liquid can be further
categorized by its weight (light, medium, or heavy) which is based on the range of
carbons present in its composition. Examples of each class are provided in Table 1.
Table 1. ASTM classifications for ignitable liquids3.
Light (C4– C9)

Medium (C8– C13)

Heavy (C8– C20+)

Class

Composition

Gasoline

C3-C4
Alkylbenzenes,
various aliphatic
compounds

Petroleum
Distillates

Homologous series
of n-alkanes,
Gaussian
distribution, other
components less
significant

Petroleum
ether
Cigarette
lighter fluid
Camping fuels

Charcoal starter
Paint thinner
Dry cleaning
solvent

Kerosene
Diesel
Charcoal starter

Isoparaffinic
Products

Branched chain;
Cyclic and nalkanes absent

Aviation gas
Specialty
solvents

Charcoal starters
Paint thinners
Copier toners

Commercial
specialty solvents

Aromatic
products

Aromatic
compounds;
aliphatic
compounds absent

Paint &
varnish
removers
Automotive
parts cleaners
Xylenes

Automotive parts
cleaners
Insecticides
Fuel additives

Insecticides
Industrial cleaning
solvents

Naphthalenic
Paraffinic
Products

Branched chain and
cyclic alkanes; nalkanes absent

Cyclohexanebased solvents

Charcoal starters
Insecticides
Lamp oil

Insecticides
Lamp oil
Industrial solvents

N-alkane
products

Only n-alkanes;
typically, 5 or less
components

Pentane
Heptane
Hexane

Crude Oils
Copier toners

Candle oils
Carbonless forms
Copier toners

Fresh gasoline in C4-C12 range
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Once fire debris is recovered and taken to the lab, any ignitable liquids present must
first be extracted from the debris. One of the most popular methods for separating
ignitable liquids from fire debris is passive headspace concentration4,5 (or arson jars)
(Figure 1). This technique utilizes a tightly sealed container like a mason jar or paint can
that holds a suspended charcoal strip, or some other adsorbent material. The fire debris is
placed in the container which is then sealed and heated. As the contents of the jar are
heated, any ignitable liquids present will vaporize given their volatile nature and move
upwards into the headspace of the container. While in the headspace, the ignitable liquid
vapors will adsorb onto the activated charcoal strip. Following this, the ignitable liquids
must undergo solvent desorption in order to isolate them from the strip and allow for
further analysis. The typical solvent selected for this process is carbon disulfide, though
some research has been conducted to find alternative solvents as well4,5. The charcoal
strip from the jar is placed in a small vial to which an aliquot of the solvent is added. Any
ignitable liquids adsorbed onto the strip will be displaced into the solvent. This solventignitable liquid mixture can then be used in the subsequent classification and
identification process.
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Figure 1. Diagram of typical passive headspace concentration (extraction) setup and process.

After the extraction process has been completed, the extracted ignitable liquids are
then identified and classified using gas chromatography-mass spectrometry, or GC-MS
for short. GC-MS is a technique that combines the separation abilities of gas
chromatography with the identification abilities of mass spectrometry. The GC portion of
the instrument separates mixtures into their individual components based on boiling
points. It consists of a heated, coiled tubular column system (Figure 2) that utilizes a gas
mobile phase6,7. The extracted ignitable liquid sample is injected into the injection port on
the instrument, either by syringe or autosampler6, where it is vaporized in the inlet and
pushed into the column. As it moves through the column, the sample will separate into its
individual components because its components with low boiling points will move
through the heated column quicker than those with higher boiling points. A component’s
movement through the column can also be impacted by other factors like its affinity for
the column’s stationary phase which is coated on the interior of the column. Once a
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component exits the column, it is transferred to the mass spectrometer, or MS, portion of
the instrument. The MS can be used to both identify the molecular structure of the
compound and quantify the amount of the compound present. The data time at which
each component exited the column, or its retention time, and the component’s abundance
is reflected in what is called a chromatogram. This will display retention time on the xaxis (in minutes) and the abundance on the y-axis (in total ion current, or TIC).
Abundance approximates how much of each component was present in the sample and
reached the mass spectrometer and relates this using peak area6. In terms of data analysis,
standards of pure, known ignitable liquids can be run alongside samples in order to
compare the retention times of the unknown substances to those of the known standards,
however definitive identifications cannot be made until the MS portion of the instrument
is utilized.
When the separated components of the ignitable liquid reach the MS portion of the
instrument, they first enter an ionization source. Here each component is fragmented into
tiny pieces and ionized so the pieces are now charged. The instrument then separates the
pieces based on their individual mass-to-charge ratios with a mass analyzer and counts
how many of each ratio is present via a detector6. This sorting of the ions is relayed by
the detector onto a mass spectrum which displays the mass-to-charge ratio of the ion on
the x-axis and, like the chromatogram, the abundance of that ion on the y-axis6. The way
in which a component fragments is dependent on its structure–among other properties–
and is thus unique to the component. Given that the mass spectrum reflects these
properties, compounds can be easily identified due to the selectivity of the technique5. In
order to identify each component in the sample, the mass spectra of each peak on the GC
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chromatogram can be compared to those in the instrument’s library via a library search.

Figure 2. General schematic for a typical GC-MS instrument7.

Ignitable Liquid Recovery
Unfortunately, the analyses detailed above cannot properly take place if the sample
cannot be effectively transported from the scene to the laboratory8. Given that recovery of
whole pieces of substrate is the preferred collection method for most fire debris,
collection is not always simple and is made complicated by the surface on which the
ignitable liquid(s) is located. Specifically, surfaces like concrete are challenging to
sample from given the difficult removal process needed to transport the concrete to a
laboratory. The concrete must be jackhammered to remove pieces of the substrate that are
small enough to fit in the containers and ovens used for analysis. Consequently, on-scene
recovery of ignitable liquids is the more often utilized technique for concrete substrates,
but the porous nature of concrete makes such sampling more complex8,9. With this in
mind, many methods have been proposed for on-site collection of ILs from porous
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surfaces, but they can be messy, expensive, yield poor recovery, and possess components
which interfere with laboratory analyses.
Several studies have been conducted over the years to investigate current and new
ignitable liquid sampling techniques for porous surfaces. Earlier studies like that of
Nowlan et al. analyzed the efficiency of commercial granular absorbents (such as
Ignitable Liquid Absorbent™; abbreviated as ILA) as a collection material. Such
absorbents are sprinkled or spread (according to manufacturer directions) onto a surface
and then scraped off. These granular scrapings are collected and analyzed in the lab. The
ILA researched by Nowlan et al. did not perform as well as was expected10. When its
collection ability was tested on multiple combinations of accelerants and flooring types,
the material was found to have absorbed much less ignitable liquid residue than remained
on each sampled area at the time of collection. The low absorption yields of such topical,
granular absorbents were further corroborated in an experiment conducted by Smale,
Arthur, and Royds8. The researchers examined several ignitable liquid collection
techniques for concrete, one of which was cat litter. Like ILA, cat litter was able to
absorb ignitable liquid residues however the concentration of the absorption was much
lower than the other successful technique in the same study8. Moreover, significant
background interference was generated by the components of the cat litter itself, an issue
which was also observed in the ILA chromatograms10. More recent developments in
granular absorbents have shown promising results. Researchers Hall, White, and Gautam
created their own adsorbent mix, combining limestone and British fuller’s earth, which
proved to yield strong collection results across a large variety of ignitable liquids without
the interference concerns of its predecessors9. Despite its success, the granular adsorbent
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they developed, along with others of its kind, would appear to come with one unanimous
setback: messiness. Scraping away the granular elements and then picking them up would
be a tedious and messy task, with the potential for leaving material, and thus evidence,
behind.
Research has also been directed towards solid absorbent materials such as cotton pads
and sheets of carbon matting8. Smale et al. also examined the collection abilities of these
two materials in their study. These methods were completely unsuccessful though and did
not display any of the target petroleum compounds in either of their chromatograms. On
the contrary, the use of polypropylene matting (notably the same brand as the carbon
matting from the Smale et al. article) demonstrated the successful collection of
petroleum-based ignitable liquids from concrete surfaces in research from Burda et al11.
Though identification of the ignitable liquid residues was possible, the analysis was
limited to only one class of ILs. Therefore, the applicability to a broad range of ignitable
liquids remains unknown.
The final category of techniques tested for concrete sampling involve portable
laboratory instrumentation. These devices seek to deliver quicker results for investigators
by providing on-scene extractions and analyses. The first portable device explored was
PHRED, or Passive Headspace Residue Extraction Device8. PHRED was designed to
perform a passive headspace extraction directly from the surface of interest (as opposed
to extracting from a transported portion of the surface or collection material). The
effectiveness of this device was assessed in the same previously mentioned article by
Smale et al. PHRED displayed the best collection abilities of all the materials tested by
Smale et. al with good recovery concentrations and sensitivity8. Visotin and Lennard
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measured the efficacy of a portable GC-MS device and boasted its value for fast, onscene presumptive analysis of fire debris12. The device’s technology allowed
investigators to perform GC-MS analyses directly on surfaces suspected to contain
ignitable liquid residues. The research produced a mixture of positive and negative results
and possessed many limitations (such as a lack of cross-checking with a laboratory GCMS analysis). While the field of portable devices has some promising prospects and
tackles several of the previous sampling issues (i.e., messiness and background
interferences), they would ultimately be more costly to employ than the other proposed
methods and require more training/knowledge to operate as well.
The Skincare Cross-Over
In addition to taking inspiration from current collection methods, the project also
draws from two other capacities: concrete cleaning and skincare. In two studies separated
by one year, Bouichou and Brissaud explored the use of both a water-injection system
and latex pads/poultice for the cleaning of indoor concrete surfaces13,14. The operation of
the latex poultice was of particular interest. The poultice came in the form of a paste
which was applied onto the concrete, allowed to form a film, and peeled off. While not
every poultice formula provided the best cleaning, dirt was clearly observed on the films
indicating the pads’ ability to remove dirt from the pores and the surface of the concrete.
These peel-off mechanics can also be observed in the world of skincare and
dermatological healthcare. Nilforoushzadeh et al. explored the numerous forms of facial
skincare masks and ingredients that are in use today15. One of the most prevalent mask
types mentioned were peel-off masks which utilize film-forming ingredients to provide
many different skin benefits to the user. A study conducted by Pagnoni, Kligman, and
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Stoudemeyer compared the efficacy of various peel-off pore strips designed to remove
biological contaminants from clogged pores on the face16. They found the strips visibly
removed nearly all the contaminants contained within the participants’ pores.
Furthermore, more recent research was done by Ogai et al. to compare the extraction of
bacteria from skin using solvent-soaked cotton swabs and sterilized medical tape17. The
researchers found the results of the tape, which was applied to the skin and subsequently
peeled-off for analysis, were not only comparable to those of the cotton swabs, but also
demonstrated better collection abilities overall.
Research Goals
Overall, while there are on-site collection techniques for concrete currently in
existence, each possess drawbacks which suggest that a better, more effective technique
is needed. The method explored in this project seeks to be a simple, inexpensive, and
mess-free alternative to the current techniques discussed above. It is inspired by both
current collection methods in the field as well as by popular skincare technology. The
research utilizes peel-off polymer technology to extract ignitable liquids from concrete at
the scene. Once peeled, the polymer material can be taken back to the lab for further
analysis and thus eliminates the need to remove a portion of the substrate. In this project,
the peel-off polymer material is created and its ability to collect ignitable liquids from
both nonporous and porous substrates is tested and optimized.
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Methods
Peel-Off Material Creation
To begin each trial, the gelatin material was created. For Recipe 1, approximately
28 grams of water were heated in a beaker over a hot plate. Once heated, a single packet
of unflavored gelatin was added to the water and immediately stirred. The contents of the
beaker were constantly mixed and allowed to heat for several minutes until a smooth,
mostly clear mixture was obtained. For Recipe 4, again ~28 grams of water were heated
in a beaker over a hot plate. Once heated, a single packet of unflavored gelatin was added
to the water along with approximately 2.8 grams of polyvinyl alcohol powder. The
contents of the beaker were constantly mixed and allowed to heat for several minutes
until a mostly smooth mixture was obtained. Recipe 4 did exhibit some clumping with
the addition of the polyvinyl alcohol, and it required slightly longer and more vigorous
stirring to achieve the smoothest mixture possible (though some clumps did remain with
each preparation).
Table 2. Table summarizing the results of the five recipes tested.
Consistency
Name

Ingredients

Dry Time

Peelable?

Pass or
Fail?

(pre-dry to dried)
Recipe
1

Water + gelatin

Glue-like to window
gel

5-10 min

Yes, easy

Pass

Recipe
2

Water + gelatin + tapioca
flour

Thin to gummy

> 20 min

No; not
clean

Fail

Recipe
3

Water + gelatin + tapioca
flour (different ratio)

Wet slime-like to
sticky

> 20 min

No; not
clean

Fail

Recipe
4

Water + gelatin + polyvinyl
alcohol

Pudding-like to
thicker window gel

5-10 min

Yes, easy

Pass

Recipe
5

Water + polyvinyl alcohol

Thick and foamy to
sticky

Never
dried

No; not
clean

Fail
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Extraction Process
A general extraction and GC-MS analysis process was followed for all the trials
performed during this research with some trial specific variations discussed later. All the
trials below began with pouring a portion of the gelatin material onto a surface, allowing
it to dry down, and then peeling it up from the surface. Following the collection, the
gelatin peel was placed in a mason jar for passive headspace extraction18. A string
containing a paper clip with a charcoal strip (Albrayco; Cromwell, Connecticut) attached
was draped inside the jar. The gelatin peel was placed inside the bottom of the jar and a
layer of tin foil was used to cover the top of the jar before tightly sealing with the mason
jar lid. The jar was then placed in an oven at 60 ℃ and baked for 16 hours. After 16
hours had elapsed, the jar was removed from the oven and allowed to cool. Once cool,
the charcoal strip was removed from the paper clip and placed in a small, sealed vial.
Prior to sealing the vial, 1000 μL (for earlier trials) or 2000 μL (for later trials) of carbon
disulfide (Fisher Chemical; Hampton, New Hampshire) were added to desorb any
extracted ignitable liquids from the charcoal strip. The strip was allowed to desorb for 30
minutes and then the liquid from the vial was transferred to a small GC-MS vial. In
addition to extracting the gelatin peels, one of the tiles or slabs of concrete (the one
selected for each trial is specified in the sections below) used in each trial was also
separately extracted following collection using the same procedure detailed above. This
was achieved by placing the whole piece of tile or piece of concrete slab into the passive
headspace extraction jar just as the gelatin peel was.
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Figure 3. Image of passive headspace extraction jar set-up.

GC-MS Set-Up
The extracts obtained for the both the gelatin peels and the surfaces were analyzed
via a 7890/5977B GC-MSD (Agilent Technologies; Santa Clara, California) using a
method already established by a prior member of the research team that was aligned with
ASTM standard E1618-193. Each GC-MS run for all trials utilized the same set-up. The
first slot of the autosampler was left empty and acted as the instrument blank for the run.
A GC-MS vial containing only carbon disulfide was placed in the second autosampler
slot to act as the solvent blank. The subsequent slots in the autosampler were filled with
the GC-MS vials containing the extracts from the trials. Once all vials were loaded, the
instrument was run using the parameters listed in Table 3 and the temperature program
listed in Table 4.
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Table 3. Instrument Parameters for the GC-MS analysis.

Parameter Name

Setting

Flow Rate

1.2 mL/min

Pressure

9.8 psi

Column Type

HP-5MS 5% Phenyl Methyl Silox
(Agilent Technologies; Santa Clara, California)

Column Dimensions

30 m x 250 μm x 0.25 μm

Column Carrier Gas

Helium

Injection Type

Split Injection

Split Ratio

20:1

Inlet Temperature

200 ℃

Solvent Delay Time

3.5 minutes

Maximum Oven Temperature

325 ℃

Instrument Run Time

18.833 minutes

Table 4. Temperature Program for the GC-MS analysis.

Initial
Ramp 1
Post Run

Rate
(℃/min)
N/A
15
N/A

Temperature
(℃)
50
250
70

Hold Time
(minutes)
2.5
3
N/A

Run Time
(minutes)
2.5
18.833
0

Data Analysis
After each GC-MS run, the peaks on the chromatograms for all the trial extracts
were integrated and their areas were obtained. Percent recoveries were then calculated by
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comparing the corresponding peak areas of the surface extracts and gelatin peel extracts
for each trial via Equation 1. The calculations were performed on an excel spreadsheet.
Equation 1. The percent recovery equation used for all the trials.
Percent Recovery =

𝐴𝑟𝑒𝑎 𝑜𝑓 𝑛−𝑎𝑙𝑘𝑎𝑛𝑒 𝑝𝑒𝑎𝑘 𝑓𝑜𝑟 𝑔𝑒𝑙𝑎𝑡𝑖𝑛 𝑝𝑒𝑒𝑙
𝐴𝑟𝑒𝑎 𝑜𝑓 𝑛−𝑎𝑙𝑘𝑎𝑛𝑒 𝑓𝑜𝑟 𝑔𝑒𝑙𝑎𝑡𝑖𝑛 𝑝𝑒𝑒𝑙 +𝐴𝑟𝑒𝑎 𝑜𝑓 𝑛−𝑎𝑙𝑘𝑎𝑛𝑒 𝑝𝑒𝑎𝑘 𝑟𝑒𝑚𝑎𝑖𝑛𝑖𝑛𝑔 𝑜𝑛 𝑡ℎ𝑒 𝑠𝑢𝑟𝑓𝑎𝑐𝑒

× 100

N-alkane Mix Preparation
Prior to the trials, a standard n-alkane mix was prepared. This was selected as the
ignitable liquid for the research given that its GC-MS chromatogram produced clean,
individual peaks without overlap which allowed for easy percent recovery calculations.
Furthermore, a large range of weights were able to be tested using this form of ignitable
liquid. The mix was composed of the following n-alkane range (C9 – C16): n-nonane, ndecane, n-undecane, n-dodecane, n-tridecane, n-tetradecane, n-pentadecane, and nhexadecane. 100 μL of each n-alkane was pipetted into a vial which was then turned over
a few times to mix the solution. It should be noted that the n-alkane mix had to be
prepared twice over the entire course of the research and, due to stock supply limits, the
first mix contained only ~35 μL of n-undecane. The second preparation of the mix,
however, was prepared with the full 100 μL of n-undecane.
Interference Testing
For all recipes and techniques selected for tile and concrete trials, interference
checks were performed to ensure they would be suitable for use and would not cause
peaks which would impact the ignitable liquid data later. In order to test for interference,
a small portion of the laboratory benchtop was cleaned with soapy water followed by
isopropanol. The recipe/technique was then applied to a clean area of the benchtop. The
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peel was collected once dry, and the above extraction and GC-MS analysis procedures
were performed. Once a chromatogram was obtained for the peel, it was compared to the
chromatogram for the solvent blank and instrument blank to ensure there were no
noticeable peaks present in high abundances.
Nonporous Tile Trials 1: Recipe 1 and Recipe 4, No Activated Charcoal
The collection abilities of Recipe 1 and Recipe 4 on a nonporous tile surface were
tested first. Each tile trial for Recipe 1 and Recipe 4 was composed of three pieces of tile
(6 tiles in total)(Table 5). The first piece of tile (referred to as Tile 1) was a blank tile
with nothing on it but the gelatin material (no n-alkane mix present). This tile acted as the
negative control for the trial. The second piece of tile (referred to as Tile 2) was set up
similarly to Tile 1 in that there was nothing on it but the gelatin material. The difference
for Tile 2 was that, prior to sealing and baking the passive headspace jar, 20 μL of nalkane mix were pipetted into the jar. This tile acted as the positive control for the trial.
For the third piece of tile (referred to as Tile 3), 75 μL of n-alkane mix were pipetted onto
the center of the tile and the gelatin mixture was poured over top. This tile was used to
determine the collection abilities of each recipe. The above extraction and GC-MS
analysis procedures were performed on the gelatin peels for all six tiles. Additionally,
those same procedures were performed on the actual tile from Tile 3 for each trial to
determine whether any ignitable liquid remained on the tile following collection with the
gelatin mixture.
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Porous Concrete Trials 1: Recipe 1 and Recipe 4, No Activated Charcoal
The collection abilities of Recipe 1 and Recipe 4 on a porous concrete surface
were tested next. The setup of these trials was the same as the setup used for Nonporous
Tile Trials 1, only this time concrete slabs were used in place of the tile. Just like before,
the trials for Recipe 1 and Recipe 4 were composed of three slabs of concrete (6 slabs in
total) and a summarized setup is provided in Table 5.
Table 5. Summary of the tile and concrete set up used for Nonporous Tile Trials 1 and Porous Concrete
Trials 1.

Trial

Name

Surface Type

Nonporous
Tile Trials
1
Porous
Concrete
Trials 1

Tile 1
Tile 2
Tile 3
Concrete 1
Concrete 2
Concrete 3

Nonporous
Nonporous
Nonporous
Porous
Porous
Porous

Amount of N-alkane
Mix Applied
None
25 μL
75 μL
None
25 μL
75 μL

N-alkane Mix
Location
N/a
Passive headspace jar
Surface of tile
N/a
Passive headspace jar
Surface of concrete

Nonporous Tile Trials 2.1: Recipe 1 Only, Activated Charcoal Amount Determination
Once it was decided that Recipe 1 would be optimized (see Results and
Discussion for more details), the amount of activated charcoal powder to include in the
optimization methods needed to be determined. The collection abilities of different
amounts of activated charcoal on a nonporous tile surface were tested. Three amounts in
total were tested and this included: 0.025 grams (or ~0.008 grams per surface), 0.050
grams (or ~0.017 grams per surface), and 0.060 grams (or 0.020 grams per surface).
Three portions of Recipe 1 were prepared following the same aforementioned procedures,
but for these trials activated charcoal powder was also added to the heated water along
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with the gelatin packet. Each portion of the recipe contained a different amount of
activated charcoal. The same tile trial set-up used for Nonporous Tile Trials 1(Table 5)
was used for these trials, with three tiles per activated charcoal amount (9 tiles in total).
The above extraction and GC-MS analysis procedures were performed on the gelatin
peels for all nine tiles. Additionally, those same procedures were performed on the actual
tile from Tile 3 for each trial.
Nonporous Tile Trials 2.2: Recipe 1 Only, Activated Charcoal Optimizations
The collection abilities of the three optimization techniques on a nonporous tile
surface were tested after determining how much activated charcoal powder would be
used for each. All three optimizations, which are summarized in Table 6, utilized the tile
setup described in Table 5. For Optimization 1, 0.060 grams of activated charcoal (or
0.020 grams per surface) were mixed into the heated water along with the gelatin packet
during the formation of the material and then this was poured onto three tiles.
For Optimization 2, 0.020 grams of activated charcoal powder were added to a
small handheld flour sifter and this was used to sift the activated charcoal onto a tile. For
Tile 3, this sifting procedure was done following the pipetting of the n-alkane mix onto
the tile. Once the activated charcoal was sifted onto each tile, the gelatin mixture
(containing no activated charcoal) was poured on top.
For Optimization 3, 0.020 grams of activated charcoal powder were added to a
small handheld flour sifter and this was used to sift the activated charcoal onto a tile.
Following the sifting, a small spray bottle containing acetone was used to lightly spray
the powder on the tile and then the gelatin mixture (containing no activated charcoal) was
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poured over top of this. For all three optimizations, the same extraction and GC-MS
analysis procedures detailed above were performed on the gelatin peels for all nine tiles
discussed. Additionally, like the trials before, those same procedures were performed on
the actual tile from Tile 3 for each trial.
Table 6. Table summarizing the three optimization techniques tested during Nonporous Tile Trials 2.2 and
Porous Concrete Trials 2.

Optimization
Name
Optimization 1:
Mix-In

Amount of
Activated
Charcoal
Used
0.020
grams per
surface

Description of Optimization

Activated charcoal powder mixed into the gelatin
recipe

Optimization 2:
Sifting Only

0.020
grams per
surface

Activated charcoal powder sifted onto the surface
prior to gelatin pour

Optimization 3:
Sifting and
Acetone Spray

0.020
grams per
surface

Activated charcoal powder sifted onto the surface
and spray with acetone prior to gelatin pour

Porous Concrete Trials 2: Recipe 1 Only, Activated Charcoal Optimizations
The collection abilities of the three optimization techniques on a porous concrete
surface were tested next. The same three optimizations tested during the Nonporous Tile
Trials 2.2 (Table 6) were repeated here except now using concrete slabs in place of the
tiles. The same set-up used for Porous Concrete Trials 1 was used for each of these trials
(Table 5). Lastly, the same extraction and GC-MS analysis procedures used for all
previous trials were used to analyze the gelatin peels for the nine concrete slabs in these
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trials. These same procedures were also performed on the actual concrete slab from
Concrete 3 for each trial.
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Results and Discussion
Recipe Trials
At the beginning of the research, several recipes were tested to determine which
would produce the polymer with the best consistency, dry time, and ease of peel. A
summary of the recipes tested and their respective results can be found in Table 4.
Recipe 1 had a consistency that was not too thick nor too thin and poured easily onto the
tile. It dried onto the tile within five minutes of pouring. The edges of the mixture were
easily loosened, and it peeled off in one whole piece. The peeled mixture was pliable and
had not hardened completely stiff.
Recipe 2 was much thinner than Recipe 1 and did not thicken much after cooling.
The mixture dried onto the tile after approximately 10 minutes. Even after the mixture
had formed a visible film on top, the recipe was found to have developed a gummy
texture that was not peelable. An additional 5 minutes of dry time was given, and the
mixture was still very soft and not able to be cleanly peeled off.
Recipe 3, designed to be an adapted version of Recipe 2, generated a much
thicker, slime-like consistency for its pour. It appeared very wet and stretchy. About 6
minutes following the pour, the mixture appeared to have dried down slightly, but it was
sticky to the touch. After 10 and 20 additional minutes of dry time, the mixture was
somewhat peelable but remained very sticky which hindered its ability to be effectively
peeled from the tile.
Recipe 4 produced a pudding like consistency that made for an easy pour, though
undissolved particles of polyvinyl alcohol remained present despite heating and thorough
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mixing. Once 5 minutes had passed, the poured mixture had dried down almost
completely with its edges sufficiently dry but its middle still slightly too wet to peel.
After a total of 10-15 minutes of dry time, the mixture was easily peeled off in one whole
piece from the tile. The peel appeared to be stronger and more stretchy than Recipe 1.
Lastly, Recipe 5 created a viscous and foamy mixture which contained, similar to
Recipe 4, undissolved particles of polyvinyl alcohol. The pour partially dried down after
about 10 minutes with a sticky, malleable film on top. Additional dry time was provided,
and despite being allotted nearly an hour the mixture remained soft and never dried to a
peelable texture.
Of the five recipes tested, two produced more favorable results than the others.
Recipe 1 (Figure 4) and Recipe 4 (Figure 5) were selected to advance to the next stages
of the research because they both had smooth consistencies that were not incredibly thick
nor thin, dried within 10 minutes or less, and were easily peeled from the tile they were
poured onto.

Figure 4. Image of Recipe 1, one of the two recipes selected to advance to the next stages of the research.
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Figure 5. Image of Recipe 4, the second of the two recipes selected to advance to the next stages of the
research.

Interference Checks for Recipe 1 and Recipe 4
Following the selection of the best recipe candidates, the interference checks were
performed for both Recipe 1 and Recipe 4. When compared to the chromatograms of the
instrument blank (Figure 6B) and the solvent blank (Figure 6D), Recipe 1 produced a
chromatogram (Figure 6C) that lacked any new, large peaks which would have indicated
potential interference from its ingredients. Similarly, Recipe 4 produced a chromatogram
(Figure 6A) that indicated no major interference was present. There was a peak around
the 9-minute mark and another around the 15-minute mark, however these two peaks
were very small in abundance, and it was determined that they would not produce enough
interference to greatly affect future results when using the n-alkane mix.
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Figure 6. Chromatograms from the interference checks done for Recipe 1 and Recipe 4. (A) represents the
chromatogram for Recipe 4; (B) represents the chromatogram for the instrument blank; (C) represents the
chromatogram for Recipe 1; (D) represents the chromatogram for the solvent blank.

Nonporous Tile Trial 1: Recipe 1 and Recipe 4, No Activated Charcoal
Once any potential interference was ruled out for both recipes, the tile trials for
Recipe 1 and Recipe 4 were conducted to determine their ability to first collect ignitable
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liquids from a non-porous surface. All abbreviations for the tiles and concrete slabs
discussed in the following sections of the research can be referenced in Table 5 and
Table 6. The GC-MS chromatogram for the negative control, or Tile 1, for Recipe 1
(Appendix 3) was visually similar to that of the solvent blank (Appendix 2) and
contained no n-alkane nor substantial interference peaks. This reflects that no interference
was being generated through the process that was used to obtain the results for the rest of
the tiles during this run.
It should be noted here that an instrument blank, solvent blank, and negative
control (Tile 1) were run for all of the trials described below and their chromatograms
can be found in the Appendix section. Unless otherwise noted, it can be assumed that no
major interference was shown on any of these chromatograms. Additionally, a positive
control (Tile 2 or Concrete 2) was run for all the trials described below. The positive
controls provided reference elution times for each n-alkane present in the n-alkane mix.
In some cases, the smaller n-alkanes (such as nonane or decane) presented much smaller
peaks in comparison to the peaks of the larger n-alkanes in the mix. This is likely due to
an effect called weathering. Weathering occurs when ignitable liquids with low boiling
points (such as lower carbon alkanes like nonane, decane, and undecane) begin to
evaporate off prematurely before they are collected and analyzed. Despite this issue,
unless otherwise noted, the elution times from Tile 2 or Concrete 2 during each trial were
used as reference for the elution times for each n-alkane, and the chromatograms for
these positive controls can be located in the Appendix.
The gelatin peel from Tile 3 produced a chromatogram (Figure 7B) with distinct
n-alkane peaks positioned at the same elution times as the peaks present on the positive
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control tile, indicating that some ignitable liquid was collected by the gelatin peel. When
Tile 3 itself was analyzed, its accompanying chromatogram (Figure 7C) displayed nalkane peaks at elution times matching those of the positive control which indicated that
some ignitable liquid remained on the tile after collection. The peak areas of each nalkane peak from the tile’s chromatogram were compared with the peak areas from the
gelatin peel’s chromatogram to determine the percent recovery of Recipe 1 for each nalkane. The percent recovery calculations (Equation 1) demonstrated that Recipe 1
collected n-alkanes from a nonporous surface within a range of 50.5-59.7% (Table 7).
An additional consideration for Recipe 1 was that when the gelatin mixture was
initially poured onto Tile 3, a small amount of the mixture did run off the side of the tile
and onto the bench top. This run-off portion of the gelatin was peeled off and analyzed
separately from the peeled portion from the tile to determine whether a significant
amount of the n-alkane mixture was lost to the run-off during collection. Only some of
the n-alkane peaks were present on the chromatogram for the run-off (Figure 7C) and
those did elute at comparable times to the positive control peaks. When the percent
recovery for the run-off was calculated, it was found that less than 1% of n-alkanes were
lost to the run-off and this issue did not greatly impact the other results for the tile.
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Figure 7. Chromatograms from Nonporous Tile Trial 1 for Recipe 1. (A) represents the chromatogram for
Tile 2; (B) represents the chromatogram for the gelatin peel from Tile 3; (C) represents the chromatogram
for the runoff from Tile 3; (D) represents the chromatogram for the tile from Tile 3.
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Table 7. Percent recoveries calculated for the gelatin peel during Nonporous Tile Trial 1 for both Recipe 1
and Recipe 4.

n-Alkane Carbon
Number
9
10
11
12
13
14
15
16

Recipe 1
Percent Recovery (%)
0
51.0
54.6
57.4
58.9
59.7
57.8
50.5

Recipe 4
Percent Recovery (%)
0
40.6
45.1
49.3
50.0
48.7
49.4
53.3

The chromatogram (Figure 8B) generated by Recipe 4’s gelatin peel from Tile 3
displayed individual peaks for each n-alkane present at their appropriate elution times,
including nonane. The presence of these peaks indicate that the peel collected some
portion of the ignitable liquid on the tile. N-alkane peaks were also found on the
chromatogram obtained for the tile from Tile 3 (Figure 8C) which suggests some
ignitable liquid remained on the tile following collection. A percent recovery was also
calculated for Recipe 4’s Tile 3 using the same equation and methodology as was used
for Recipe 1’s Tile 3. Based on the calculations, Recipe 4 collected n-alkanes from a
nonporous surface within a range of 40.6-53.3% (Table 7).
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Figure 8. Chromatograms from Nonporous Tile Trial 1 for Recipe 4. (A) represents the chromatogram for
Tile 2; (B) represents the chromatogram for the gelatin peel from Tile 3; (C) represents the chromatogram
for the tile from Tile 3.

After calculating and comparing the percent recoveries of both recipes, the
collection rates from nonporous surfaces for Recipe 1 and Recipe 4 did not appear to be
visibly very different (Appendix 5). Recipe 1 had slightly higher percent recoveries than
Recipe 4 for 6 out of 7 n-alkanes recovered, but neither recipe recovered calculable
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amounts of nonane in their runs. However, overall, both recipes were performing
similarly enough at this point in the research that further testing was performed for both.
Porous Concrete Trial 1: Recipe 1 and Recipe 4, No Activated Charcoal
Following the trials for collection on a nonporous surface, the two recipes’ ability
to collect ignitable liquids from a porous surface, concrete, was tested. Beginning with
Recipe 1, for Concrete 3 (Appendix 10), the gelatin peel produced similar distinct peaks
for each n-alkane present in the mix, however nonane was missing from the
chromatogram. The chromatogram for the peel was slightly noisy appearing as compared
to the chromatogram for Concrete 2. Though these results do demonstrate that the peel
was able to collect some ignitable liquid from the concrete, the abundance for the peaks
present were considerably lower than those that were seen during the tile trials. The
chromatogram for the concrete slab from Concrete 3 (Appendix 11) displayed peaks for
all the n-alkanes used, including nonane, and thus demonstrated that some ignitable liquid
remained on the concrete. The peaks for the concrete were at a much higher abundance
than those for the gelatin peel, and when percent recoveries were calculated it was found
that the peel was only collecting n-alkanes from a porous surface within a range of 0.47.0% (Table 8).
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Table 8. Table containing the percent recoveries calculated for the gelatin peel from Recipe 1 and Recipe 4
during the Porous Concrete Trials 1.

n-Alkane Carbon Number
9
10
11
12
13
14
15
16

Recipe 1
Percent Recovery (%)
0
0.4
0.7
0.9
1.3
2.3
4.1
7.0

Recipe 4
Percent Recovery (%)
0
0
0
0
0
0
0
0

For Recipe 4 Concrete 3 (Appendix 14), the gelatin lacked any distinguishable nalkane peaks and instead produced a chromatogram that was visually very similar to the
solvent blank chromatogram. This signified that no ignitable liquid was collected by the
Recipe 4 gelatin peel from the porous concrete surface (Table 8). The concrete slab from
Concrete 3 did, however, produce a chromatogram (Appendix 15) with distinct and large
n-alkane peaks which confirmed that the ignitable liquid was left behind in the concrete.
Based on the results for both Recipe 1 and Recipe 4 (Appendix 16), the two
recipes were no longer collecting ignitable liquids at the same rate. Because it was unable
to collect any ignitable liquid from the porous concrete surface, it was decided that
Recipe 4 would no longer be considered for further advancement in the project. Recipe 1
was then selected to be optimized in order to improve its collection abilities on the porous
concrete.
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Interference Checks for Activated Charcoal Amount Determination, Recipe 1 Only
To optimize Recipe 1, it was decided that activated charcoal would be
incorporated into the technique via one of two different ways: (1) by mixing activated
charcoal powder into the gelatin mixture prior to pouring or (2) by sprinkling activated
charcoal onto the surface and then pouring the gelatin mixture over this. Interference
checks were performed for three different amounts of activated charcoal that were
combined with Recipe 1’s gelatin mixture. The first two interference checks (for ~0.008
grams per surface and ~0.017 grams per surface) were performed together, and the third
interference check (for 0.020 grams per surface) was performed subsequently as it was
not considered for the trials until after seeing the results for the ~0.017 grams per surface.
It is also important to note here the reason for the use of such small amounts of
activated charcoal during the optimizations. Because the research sought to compare the
mix-in method to the methods that placed the activated charcoal on the surface rather
than in the gelatin, the amounts used had to be consistent between the different
optimization methods in order to effectively compare them. It was determined that if too
much activated charcoal was applied to the collection surface prior to pouring the gelatin,
the peel would only collect the topmost layer of activated charcoal and the portion that
actually came into contact with the surface and the ignitable liquid would be left behind.
Based on the limitations of these optimization methods, it was decided only small
amounts of activated charcoal would be considered.
For both the mixture that contained ~0.008 grams of activated charcoal per
surface and the mixture that contained ~0.017 grams of activated charcoal per surface, no
major interference was indicated in the chromatograms. While no formal, separate
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interference trial was conducted for the mixture containing 0.020 grams of activated
charcoal per surface, the presence of interference can be determined using Tile
1(Appendix 32) and Concrete 1 (Appendix 47) from Nonporous Tile Trials 2.2 and
Porous Concrete Trials 2. Similar to the previous two activated charcoal amounts, no
major interference was indicated on the chromatograms.
The three different amounts of activated charcoal were initially only tested by
mixing activated charcoal into the gelatin mixture because there were some issues with
the optimization technique involving sprinkling the activated charcoal onto the surface
prior to pouring. When the activated charcoal powder was sprinkled onto a tile and then
the gelatin mixture was poured over top, the two substances pushed away from each other
like oil and water (Figure 9). It was determined that one of two issues was occurring,
either the activated charcoal powder was not being spread in a thin enough layer onto the
surface or there were polarity issues occurring (activated charcoal being nonpolar and the
gelatin mixture being slightly polar). In order to solve these two issues, the sprinkling
optimization was split into two new optimizations (Table 6). The first technique used a
flour sifter to sift the activated charcoal onto the surface. This technique was aimed at
solving the first issue in that it would hypothetically allow the powder to be spread in a
thinner layer. The second technique also used a flour sifter to sift the activated charcoal
onto the surface but then followed this sifting with a light spraying of acetone. This
technique was aimed at solving both the first issue as well as the polarity issue. Acetone
had a mild polarity on the polarity index and so by spraying it onto the activated charcoal
powder, it would make the powder more polar without causing a dramatic change like a
more polar solvent would. This would allow the powder to not only be able to continue to
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interact with the n-alkanes, but also to be able to interact with the gelatin mixture being
poured on top.

Figure 9. Image depicting how the gelatin mixture and activated charcoal powder sprinkled on a tile
surface pushed away from each other resulting in runoff gelatin and activated charcoal powder.

Nonporous Tile Trial 2.1: Recipe 1 Only, Activated Charcoal Amount Determination
For the mixture containing ~0.008 grams of activated charcoal per surface (or
0.025 grams added overall), the gelatin peel from Tile 3 produced chromatogram
(Appendix 23) with peaks for all 8 n-alkanes in the mix, though the C9 peak was small
for both. This was also observed in the chromatogram for the tile from Tile 3 (Appendix
24). Percent recoveries were calculated for the gelatin peel (Appendix 30), and it was
determined that this amount of activated charcoal collected n-alkanes within a range of
32.3-58.4%.
For the mixture containing ~0.017 grams of activated charcoal (or 0.050 grams
added overall), the gelatin peel from Tile 3 as well as the tile itself produced
chromatograms (Appendix 28 and Appendix 29) with calculable peaks for 7 of the n-
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alkanes in the mix. Neither chromatogram displayed a C9 peak with a calculable peak
area, however it can be seen that this peak was larger on the tile’s chromatogram than on
the gelatin peel’s chromatogram. Percent recoveries were calculated for the gelatin peel
(Appendix 25), and it was determined that this amount of activated charcoal collected nalkanes within a range of 42.4-52.4%.
Ultimately, after testing these first two amounts, it was decided that 0.020 grams
per tile (or 0.060 grams overall) would be used for the optimizations. This decision was
partly based on the success of the 0.050 grams trials in comparison to the 0.025 grams
trials, and thus the idea that an increase in the amount of activated charcoal used would
continue to produce more successful results. The decision was also based on how easily
0.060 grams could be evenly split amongst three surfaces (which would be necessary
during the sprinkling trials performed later) as compared to the 0.050 (or ~0.017 grams
per surface) which was not able to be evenly split amongst three surfaces. It should be
noted that 0.060 grams was not initially tested during these tile trials, however, and its
selection for the subsequent trials, at this point in the project, was based solely on the
reasons above.
A consideration for the two trials discussed in this section is that only 20 μL of nalkane mix was used on the Tile 3 for both trials (rather than the usual 75 μL). This was
an unintentional mistake, and so Tile 3 was redone for both amounts of activated charcoal
with the correct amount of n-alkane mix to see if this mistake greatly affected the results.
The average percent recoveries of these redone tiles were compared to the average
percent recoveries of the original tiles to see if there appeared to be a large difference
between the two trials (Table 9). These results, while premature, do suggest that the
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amount of ignitable liquid present on the surface could have an effect on the collection
abilities of the material. However, despite the differences between the original and redone
trials, the ~0.017, and thus the larger amount of activated charcoal used, did still collect
on average higher amounts of n-alkane and so the decision to use 0.020 grams of
activated charcoal was not affected.
Table 9. Table comparing the average percent recoveries for 0.008 grams and 0.017 grams of activated
charcoal per surface when 20 μL (original) vs 75 μL (redone) of the n-alkane mix was present on a
nonporous tile surface.

Amount of Activated
Charcoal Used

Average Percent
Recovery During
Original Trial (%)

Average Percent
Recovery During
Redone Trial (%)

Overall Change
Between Original
and Redone

~0.008 grams

~39.1%

~26.5%

~12.6%

~0.017 grams

~46.6%

~47.4%

~0.80%

Nonporous Tile Trial 2.2: Recipe 1 Only, Activated Charcoal Optimizations
For Optimization Method 1, the gelatin peel from Tile 3 (Appendix 34) produced
a chromatogram that had clean, strong peaks for all 8 n-alkanes in the mix. The tile for
Tile 3 (Appendix 35) also displayed peaks for all 8 n-alkanes, however several of the
peaks for this chromatogram were noticeably smaller than those on the gelatin peel’s
chromatogram. When percent recoveries were calculated for this optimization (Appendix
36), it was found that with this method the gelatin peel was collecting the n-alkanes
within a range of 18.6-47.2%. This optimization also collected close to 100% of nnonane. Because the area of the n-nonane peak on the chromatogram for the tile from
Tile 3 was too small to be calculated, the percent recovery calculations reflect a 100%
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collection. Despite this, there is still a noticeable, though small, n-nonane peak on the
chromatogram for the tile and so it would be incorrect to claim that there was a 100%
collection of n-nonane, but it can be said that there was a nearly 100% collection.
For Optimization Method 2, the gelatin peel from Tile 3 (Appendix 39) produced
a chromatogram that showed peaks for all 8 n-alkanes in the mix. The tile from Tile 3
(Appendix 40) produced a chromatogram with peaks for only 6 of the 8 n-alkanes and
was missing both n-nonane and n-decane. Percent recoveries were calculated for this
optimization (Appendix 36), and it was determined that with this method the gelatin peel
was collecting the n-alkanes within a range of 31.0-75.4%. This optimization collected
100% of n-nonane and close to 100% of n-decane. Like the previous optimization
method, there was a very small peak for n-decane on the tile’s chromatogram but because
its peak area was not calculable the percent recovery calculations present a 100%
collection. Thus, there was not an actual 100% collection of n-decane, there was only a
nearly 100% collection.
For Optimization Method 3, the gelatin peel from Tile 3 (Appendix 43) produced
a chromatogram that displayed strong peaks for most of the n-alkanes present in the mix.
The n-nonane and n-decane peaks for this chromatogram were small and the area of the
n-nonane peak was not calculable. On the other hand, the tile from Tile 3 (Appendix 44)
produced a chromatogram with strong peaks for all the n-alkanes. Percent recoveries
were calculated for this optimization (Appendix 36), and it was determined that with this
method the gelatin peel was collecting the n-alkanes within a range of 37.9-78.2% and
did not collect a calculable amount of n-nonane.
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At this point, Optimization 2 and Optimization 3 were collecting n-alkanes from a
nonporous tile surface within primarily similar ranges, though the sifting only method did
manage to collect 100% of n-nonane and nearly 100% of n-decane. Optimization 1
collected the n-alkanes from the tile within the lowest range of the three, however it was
still collecting good amounts of the ignitable liquid. Based on the results from these trials,
all three optimizations were selected to advance to the subsequent porous concrete trials.
Porous Concrete Trial 2: Recipe 1 Only, Activated Charcoal Optimizations
The gelatin peel from Concrete 3 for Optimization 1 produced a noisy
chromatogram (Figure 10A) with weak peaks for only 6 out of 8 of the n-alkanes present
in the ignitable liquid. It lacked a calculable peak for both nonane and decane. The
concrete slab for Concrete 3 (Appendix 49), however, produced a cleaner chromatogram
with distinct peaks for all 8 of the n-alkanes present in the ignitable liquid. When percent
recoveries were calculated for this optimization (Appendix 50), it was found that with
this method the gelatin peel was only collecting the n-alkanes within a range of 0.032.0%.
For Optimization 2, the gelatin peel from Concrete 3 (Figure 10B) produced a
slightly noisy chromatogram that showed calculable peaks for only 7 of the 8 n-alkanes in
the ignitable liquid. On the other hand, the concrete slab from Concrete 3 (Appendix 53)
produced a chromatogram with peaks for all 8 of the n-alkanes. Percent recoveries were
calculated for this optimization (Appendix 50), and it was determined that with this
method the gelatin peel was collecting the n-alkanes within a range of 3.4-23.6% and did
not collect any of the hexadecane.
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Lastly, for Optimization Method 3, the gelatin peel from Concrete 3 (Figure 10C)
produced a chromatogram that displayed distinct peaks for all of the n-alkanes present in
the ignitable liquid. The concrete slab from Concrete 3 (Appendix 56) also produced a
chromatogram with peaks for all the n-alkanes. Percent recoveries were calculated for
this optimization (Appendix 50), and it was determined that with this method the gelatin
peel was collecting the n-alkanes within a range of 30.7-59.6%. Due to the considerable
improvement that this method made on the material’s porous concrete collection, an
additional trial was repeated with this method to ensure it was not only a one-time
success. The second trial produced chromatograms that were visually similar to those of
the first trial, and when percent recoveries were calculated (Appendix 50) it was found
that with this method the gelatin was still collecting at the same elevated rates as were
seen in the first trial. The percent recoveries of both trials were averaged to determine
that, overall, with this optimization the gelatin peel was able to collect the n-alkanes from
the porous concrete within a range of 30.7-57.9% (Appendix 57), making it the most
successful of the three optimizations tested for porous surfaces.
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Figure 10. Chromatograms for the gelatin peels of the three optimizations tested during Porous Concrete
Trials 2. (A) represents the chromatogram for Optimization 1; (B) represents the chromatogram for
Optimization 2; (C) represents the chromatogram for Optimization 3.
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Conclusions:
Recipe 1, the mixture of gelatin and water, generated the best results out of the
five recipes considered and the two tested. It had an even consistency that was easily
pourable, a relatively short dry time between 5-10 minutes (occasionally requiring some
additional time depending on the thickness of the pour), and it was able to be peeled from
both nonporous tile and porous concrete with minimal effort and mess leftover. In
comparison to Recipe 4 which was only able to collect n-alkanes from nonporous tile,
Recipe 1 was able to collect n-alkanes from both nonporous tile and porous concrete.
The recipe’s collection from a porous concrete surface was successfully optimized
with a sifting of activated charcoal onto the surface followed by a light spraying of
acetone prior to the pouring of the gelatin mixture. Before the addition of the activated
charcoal and acetone, Recipe 1 was collecting n-alkanes from the porous concrete surface
within a range of 0.4-7.0%. Following Optimization 3, Recipe 1 was able to collect nalkanes from the porous concrete surface within a range 30.7-57.9% (n=2). These
optimized percent recoveries are a considerable improvement to other methods
previously tested by this research team including solid absorbents such as paper towels
and microfiber cloths.
The optimized material not only demonstrated ample percent recoveries of the nalkanes from the porous concrete, but also addressed several other issues found with
current collection techniques being researched or employed within this field. Because the
material left behind very little mess and only some gelatin appeared to remain on the
concrete with each peel, the environmental impact is very minimal. Other collection
techniques such as the use of granular absorbents like commercial ILA or cat litter are
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messier and have the potential to leave higher environmental impacts following
investigations.
Additionally, the collection technique developed in this research has an easy infield application. There is a very simple procedure behind the creation of and use of this
material. Given that a standard packet of unflavored gelatin and hot water are the only
two ingredients required to form the gelatin mixture itself, the material can easily be
created in field as needed using simple technology like an electric tea kettle. The
ingredients for both the gelatin formation and the subsequent activated charcoal addition
could be easily bundled into individual kits that remove the need for long amounts of
preparation while at the scene. The actual use of the material involves an easy four-step
procedure of sifting, spraying, pouring, and peeling that would require very little training.
The simplicity of this technique therefore makes it much more appealing for use than
more complicated techniques like portable instrumentation which involve greater
amounts of training and knowledge to effectively operate. Furthermore, because the
technique developed here involves the use of inexpensive ingredients such as water,
gelatin, activated charcoal, and acetone (many of which may already be present in
laboratories), it will be a budget friendly option that may be very attractive to laboratories
who are not seeking to spend large amounts of money on collection methods.
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Future Work:
While the results for the optimized material created in this project were good,
only the basics of this new collection technique were explored and so the results have
several limitations that leave a great deal of room for future work in this area. First, this
collection technique was only tested on unburnt surfaces, and so the results of this project
only reflect the percent recoveries when larger amounts of ignitable liquid are present.
Because the end goal for this technique is that it be used within the context of arson
investigations, the next step in the progression of the research would be to determine its
ability to collect burnt ignitable liquid residue trapped in porous concrete. After being
subjected to burning, the ignitable liquid in the pores of the concrete will be present in a
much smaller quantity than was used in this project as a portion will have burnt off.
These results will test not only the real-life application of the material to arson
investigations but will also indicate the sensitivity of the technique based on its ability to
collect such low amounts of ignitable liquid. Also, the collection abilities of the technique
were only measured using one class of ignitable liquid, the n-alkane mix, and the results
of this research are thus only applicable to n-alkane products. Therefore, it is unclear how
well the material will perform when other ignitable liquids, like gasoline for example, are
present and so further research into the selectivity of the material would be desirable.
There is also room for future work in the further optimization of the technique in
a few ways. The amount of activated charcoal used could be varied even more to
determine the best possible amount to use. Due to time limitations on the project only
three different amounts were tested here and so it is possible that a different amount of
activated charcoal could produce even better percent recoveries. The use of activated
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charcoal of a different particle size could also be researched to see if this factor has any
influence on collection. As was previously mentioned, there were some run-off issues
experienced occasionally with some of tests which was largely in part due to the size of
the tiles and concrete slabs that were used. In this case, the tiles/concrete size was limited
because the research elected to use mason jars for the passive headspace extraction. Due
to the relatively small size of the jars, the substrates needed to be small in order to fit into
the jar for extraction. The size of the tiles/concrete made collection slightly more difficult
and so the research process itself could be optimized by opting for a different container
during the extraction, such as an unlined paint can, that would allow for larger
tiles/concrete to be used. The research itself could also be bettered with the inclusion of
triplicate trials for all the tests conducted. Again, due to time limitations, apart from the
sift and acetone spray optimization, all trials were conducted only once. The addition of
multiple trials for each variable tested would validate the results of each and incorporate
statistical significance to the data analysis.
Though there are limitations to the work, this research has laid a strong
foundation for a new ignitable liquid collection technique from porous surfaces. It has
opened the doors for other researchers to continue to explore and refine this technology in
the realm of forensic science. The research presented here has demonstrated that this
optimized peel-off technique has the potential to be a strong tool for arson investigations
in the future and merits further study.
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Appendix
Appendix 1. Chromatogram obtained for the instrument blank during Nonporous Tile Trials 1.

Appendix 2. Chromatogram obtained for the solvent blank during Nonporous Tile Trials 1.
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Appendix 3. Chromatogram obtained for Recipe 1 – Tile 1 during Nonporous Tile Trials 1.

Appendix 4. Chromatogram obtained for Recipe 4 – Tile 1 during Nonporous Tile Trials 1.

47
Appendix 5. Scatter plot comparing the percent recoveries calculated for Recipe 1 and Recipe 4 during
Nonporous Tile Trials 1.
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Appendix 6. Chromatogram obtained for the instrument blank during Porous Concrete Trials 1.

Appendix 7. Chromatogram obtained for the solvent blank during Porous Concrete Trials 1.
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Appendix 8. Chromatogram obtained for Recipe 1 – Concrete 1 during Porous Concrete Trials 1.

Appendix 9. Chromatogram obtained for Recipe 1 – Concrete 2 during Porous Concrete Trials 1.
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Appendix 10. Chromatogram obtained for the gelatin peel from Recipe 1 – Concrete 3 during Porous
Concrete Trials 1.

Appendix 11. Chromatogram obtained for the concrete slab from Recipe 1 – Concrete 3 during Porous
Concrete Trials 1.
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Appendix 12. Chromatogram obtained for Recipe 4 – Concrete 1 during Porous Concrete Trials 1.

Appendix 13. Chromatogram obtained for Recipe 4 – Concrete 2 during Porous Concrete Trials 1.
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Appendix 14. Chromatogram obtained for the gelatin peel from Recipe 4 – Concrete 3 during Porous
Concrete Trials 1.

Appendix 15. Chromatogram obtained for the concrete slab from Recipe 4 – Concrete 3 during Porous
Concrete Trials 1.
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Appendix 16. Scatter plot comparing the percent recoveries calculated for Recipe 1 and Recipe 4 during
Porous Concrete Trials 1 (note that the y-axis is now at 10 instead of 100).
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Appendix 17. Instrument blank for interference checks for the activated charcoal amount determination,
Recipe 1 only.

Appendix 18. Solvent blank for interference checks for the activated charcoal amount determination,
Recipe 1 only.
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Appendix 19. Chromatogram obtained for interference checks for ~ 0.008 grams of activated charcoal per
surface.

Appendix 20. Chromatogram obtained for interference checks for ~ 0.0017 grams of activated charcoal per
surface.
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Appendix 21. Chromatogram obtained for ~ 0.008 grams of activated charcoal per surface – Tile 1 during
Nonporous Tile Trials 2.1.

Appendix 22. Chromatogram obtained for ~ 0.008 grams of activated charcoal per surface – Tile 2 during
Nonporous Tile Trials 2.1.
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Appendix 23. Chromatogram obtained for ~ 0.008 grams of activated charcoal per surface – Tile 3 gelatin
peel during Nonporous Tile Trials 2.1.

Appendix 24. Chromatogram obtained for ~ 0.008 grams of activated charcoal per surface – Tile 3 tile
during Nonporous Tile Trials 2.1.
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Appendix 25. Table containing the percent recoveries calculated for the gelatin peel from ~0.008 grams
and ~0.017 grams of activated charcoal per surface – Tile 3 during the Nonporous Tile Trials 2.1.

n-Alkane
Carbon
Number
9
10
11
12
13
14
15
16

~0.008 Grams of Activated
Charcoal Per Surface
Percent Recovery (%)
0
32.5
32.3
32.6
33.2
37.6
46.8
58.4

~0.017 Grams of Activated
Charcoal Per Surface
Percent Recovery (%)
0
52.5
44.7
42.4
44.0
45.8
47.7
49.4

Appendix 26. Chromatogram obtained for ~ 0.017 grams of activated charcoal per surface – Tile 1 during
Nonporous Tile Trials 2.1.
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Appendix 27. Chromatogram obtained for ~ 0.017 grams of activated charcoal per surface – Tile 2 during
Nonporous Tile Trials 2.1.

Appendix 28. Chromatogram obtained for ~ 0.017 grams of activated charcoal per surface – Tile 3 gelatin
peel during Nonporous Tile Trials 2.1.
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Appendix 29. Chromatogram obtained for ~ 0.017 grams of activated charcoal per surface – Tile 3 tile
during Nonporous Tile Trials 2.1.

Appendix 30. Instrument blank obtained for the Nonporous Tile Trials 2.2
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Appendix 31. Solvent Blank obtained for the Nonporous Tile Trials 2.2

Appendix 32. Chromatogram obtained for Optimization 1 – Tile 1 during the Nonporous Tile Trials 2.2.
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Appendix 33. Chromatogram obtained for Optimization 1 – Tile 2 during the Nonporous Tile Trials 2.2.

Appendix 34. Chromatogram obtained for Optimization 1 – Tile 3 gelatin peel during the Nonporous Tile
Trials 2.2.
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Appendix 35. Chromatogram obtained for Optimization 1 – Tile 3 tile during Nonporous Tile Trials 2.2.

Appendix 36. Table containing the percent recoveries calculated for the gelatin peel from Optimization 1 –
Tile 3 during the Nonporous Tile Trials 2.2.

n-Alkane
Carbon
Number
9
10
11
12
13
14
15
16

Optimization 1

Optimization 2

Optimization 3

Percent Recovery (%)

Percent Recovery (%)

Percent Recovery (%)

~100
47.2
33.7
25.3
18.9
18.6
24.0
36.2

100
~100
75.3
52.0
33.4
31.0
36.5
42.7

0
37.9
47.5
58.3
70.1
77.9
78.2
72.7
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Appendix 37. Chromatogram obtained for Optimization 2 – Tile 1 during Nonporous Tile Trials 2.2.

Appendix 38. Chromatogram obtained for Optimization 2 – Tile 2 during Nonporous Tile Trials 2.2.
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Appendix 39. Chromatogram obtained for Optimization 2 – Tile 3 gelatin peel during Nonporous Tile
Trials 2.2.

Appendix 40. Chromatogram obtained for Optimization 2 – Tile 3 tile during Nonporous Tile Trials 2.2.

66
Appendix 41. Chromatogram obtained for Optimization 3 – Tile 1 during Nonporous Tile Trials 2.2.

Appendix 42. Chromatogram obtained for Optimization 3 – Tile 2 during Nonporous Tile Trials 2.2.
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Appendix 43. Chromatogram obtained for Optimization 3 – Tile 3 gelatin peel during Nonporous Tile
Trials 2.2.

Appendix 44. Chromatogram obtained for Optimization 3 – Tile 3 tile during Nonporous Tile Trials 2.2.

68
Appendix 45. Instrument blank obtained for the Porous Concrete Trials 2.2.

Appendix 46. Solvent blank obtained for the Porous Concrete Trials 2.2.
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Appendix 47. Chromatogram obtained for Optimization 1 – Concrete 1 during the Porous Concrete Trials
2.2.

Appendix 48. Chromatogram obtained for Optimization 1 – Concrete 2 during the Porous Concrete Trials
2.2.
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Appendix 49. Chromatogram obtained for Optimization 1 – Concrete 3 concrete slab during the Porous
Concrete Trials 2.2.

Appendix 50. Table containing the percent recoveries calculated for the gelatin peel from all three
optimizations during the Porous Concrete Trials 2.2.

n-Alkane
Carbon
Number

Optimization 1

Optimization 2

Percent
Recovery (%)

Percent
Recovery (%)

9
10
11
12
13
14
15
16

0
0
0.03
0.1
0.4
0.4
0.3
2.0

23.6
12.3
6.5
4.2
3.4
4.1
0
0

Optimization 3
(trial 1)

Optimization 3
(trial 2)

Percent
Recovery (%)

Percent
Recovery (%)

59.6
44.8
31.8
30.7
37.0
45.7
48.3
45.4

56.1
42.9
34.4
30.8
31.9
31.8
30.1
27.2
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Appendix 51. Chromatogram obtained for Optimization 2 – Concrete 1 during Porous Concrete Trials 2.2.

Appendix 52. Chromatogram obtained for Optimization 2 – Concrete 2 during Porous Concrete Trials 2.2.
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Appendix 53. Chromatogram obtained for Optimization 2 – Concrete 3 concrete slab during Porous
Concrete Trials 2.2.

Appendix 54. Chromatogram obtained for Optimization 3 – Concrete 1 during Porous Concrete Trials 2.2.
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Appendix 55. Chromatogram obtained for Optimization 3 – Concrete 2 during Porous Concrete Trials 2.2.

Appendix 56. Chromatogram obtained for Optimization 3 – Concrete 3 concrete slab during Porous
Concrete Trials 2.2.
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Appendix 57. Table containing the averaged percent recoveries calculated for the two trials for the gelatin
peel from the sifting and acetone spray optimization – Concrete 3 during the Porous Concrete Trials 2.2

n-Alkane Carbon
Number
9
10
11
12
13
14
15
16

Percent Recovery
(%)
57.9
43.9
33.1
30.7
34.4
38.7
39.2
36.3
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